Oscillating redox conditions are the norm in tropical soils; driven by an ample supply of reductants, 38 high moisture, microbial oxygen consumption, and finely textured clays that limit diffusion. Yet 39 the net result of variable soil redox regimes on iron-organic matter (Fe-OM) associations in 40 tropical soils owing to changing climate is poorly understood. Using a 44-day redox incubation 41 experiment with humid tropical soils from Puerto Rico, we examined patterns of Fe and C 42 transformation under four redox regimes: static anoxic, flux 4-day (4d oxic, 4d anoxic), flux 8-day 43 (8d oxic , 4d anoxic) and static anoxic. Prolonged anoxia promoted reductive dissolution of Fe-44 oxides and an increase in short-range ordered (SRO) Fe oxides. Preferential dissolution of this 45 less-crystalline Fe pool was evident immediately following a shift in bulk redox status (oxic to 46 anoxic), and coincided with increased dissolved organic carbon, presumably due to acidification 47 or direct release of OM from dissolving Fe(III) mineral phases. Average nominal oxidation state 48 of water-soluble carbon was lowest under persistent anoxic conditions, suggesting more reduced 49 OC is microbially preserved under reducing conditions. Anoxic soil compounds had high H/C 50 values (similar to lignin-like metabolites) whereas oxic soil compounds had higher O/C values, 51 akin to tannin-and cellulose-like components. Cumulative respiration derived from native soil 52 organic carbon was highest in static oxic soils. These results highlight the volatility of mineral-53 OM interactions in tropical soils, and suggest that short-term impacts of shifting soil O2 availability 54 control exchanges of C between mineral-sorbed and aqueous pools, implying that the periodicity 55 of low-redox moments may control the fate of C in wet tropical soils. 56 57 58
headspace were performed within an anoxic glove box chamber (5% H2 and 95% N2). All the 151 chemical reagents used within this anaerobic chamber were prepared with degassed water to 152 preserve the oxidation state of Fe.
153

Geochemical Methods
154
Amorphous Fe by Acid Ammonium Oxalate Extraction. Soils were treated with a selective dissolution procedure to estimate the amount of Fe in operationally defined "amorphous" or "short 156 range ordered" fractions, and extracted with ammonium oxalate in the dark to assess for Fe in 157 poorly-crystalline or "amorphous" inorganic materials. For the acid ammonium oxalate (AO, Feo) 158 extraction 42 , 0.25 g soil (dry weight) was weighed into foil-covered centrifuge tubes, 10 ml of the 159 oxalate solution (0.2 M of acid ammonium oxalate solution at pH ~ 3) was added, and the 160 suspensions were shaken for 4 hours. The suspensions were then centrifuged at 10,000 rpm for 20 161 min, and the supernatants filtered (0.45 μm). Extracts were analyzed for Fe by Inductively Coupled 162 Plasma Atomic Emission Spectroscopy (ICP-AES) at Lawrence Berkeley National Laboratory.
163
Determination of Ferrous Iron (Fe 2+ ) by 0.5M HCl Extraction Method. To measure ferrous 164 iron (Fe 2+ ), 1.0 g soil (dry weight equivalent) was weighed inside the anaerobic chamber and an 165 aliquot of 5mL of 0.5M HCl was added to digest the samples. The mixture was swirled for 30s 166 and left in the dark overnight to ensure complete digestion. 43 The supernatant was then filtered 167 using a 20μm cellulose acetate filter. Fe(II) in the extract was measured colorimetrically using the 168 ferrozine method 43 ; 100 uL or 10 uL (when [Fe(II)] > 1 mmol L -1 ) of the filtrate was added to 0.5 169 mL ferrozine solution (1 g/L ferrozine in 50 mmol/L HEPES buffer, pH 7.0) along with 4 ml of 170 MilliQ (18.2Ω) water. After 10 minutes, absorbance was measured at a wavelength of 562 nm with 171 a UV-Vis spectrophotometer (Thermo Scientific). The concentration of ferrous (Fe 2+ ) iron was 172 calculated and reported in g Fe 2+ (kg soil) -1 .
173
Fe speciation by X-ray absorption spectroscopy. Iron speciation (oxidation state and chemical 174 coordination environment) was determined using X-ray absorption spectroscopy (XAS) analyses. 175 Fe K-edge extended X-ray absorption fine structure (EXAFS) (7112 eV) was conducted on 176 beamline 4-3 at the Stanford Synchrotron Radiation Lightsource (SSRL), at Menlo Park, CA, 177 under ring operating conditions of 3 GeV with a current of 450 mA. Due to the limited time 178 available at the beamline only samples from the pretreatment and final harvest days were chosen 179 to document the change in Fe speciation due to redox incubation. Samples were sealed on Teflon 180 holders with Kapton tape inside an anaerobic glove bag to prevent oxidation during sample 181 preparation. Samples were then mounted in a N2 (l) cryostat to preserve the oxidation state of Fe 182 and to prevent potential beam damage which might occur during data collection. A double crystal 183 Si (220) monochromator with an unfocused beam was detuned 30% to reject harmonics affecting 184 the primary beam. Between 7 and 10 individual spectra were averaged for each sample. Pure 185 elemental Fe foil was used for Fe energy calibration at 7112 eV. A Lytle detector was used to 186 record the fluorescence spectra of EXAFS and XANES scans. Scans were deadtime corrected, and 187 averaged using SixPack software. 44 The fluorescence spectra were averaged and pre-and post-188 edge subtracted using the Athena software package. 45 Background removal, normalization, and 189 glitch removal were also performed in Athena. Linear combination fitting (LCF) of spectra was 190 performed in Athena 45 in k 3 -weighted k-space between k = 2 and 12, using the following end- Samples were prepared according to Tfaily et al. 2017. 46 Briefly, 1 mL of 18.2 MΩ Milli-Q water 207 (EMD Millipore, Billerica, MA) was added to 300 mg bulk soil, vortexed for 20 sec and then put 208 onto an Eppendorf Thermomixer at 1000 rpm and 20˚C for 4 hours. Samples were then removed 209 from the mixer and spun down before the supernatant was pulled off frozen and the final 1 mL 210 chloroform was added and the samples were shaken overnight was described above. This process 211 was repeated for all the samples. shifts. However, soils under these fluctuating conditions tend to exhibit dramatic chemical changes 350 when exposed to opposite redox conditions even for short pulses as shown by our "quick" switch 351 data. Specifically, for these short and fast redox events we observed that the frequency of low- 
358
This correlation which is more dramatic during the short term redox switches is possibly due to 359 either direct OM release from dissolving Fe(III) mineral phases or due to acidification since we 360 observe a pH decline of ~ 0.2 units during the reduction event when DOC concentration increases 361 almost three-fold (SI Figure S4) . 7 362 However, anaerobic microsites often instrumental in preferential protection of SOM are 363 also susceptible to variable redox effects leading to a pulse DOC release (as shown by the short-364 term switch data) and the remaining SOM being retained by metal-organic association primarily 365 via complexation, sorption or co-precipitation in the soil as shown in previous studies. 65, 366 66 Moreover, the rapid switch data suggests that redox shifts may promote higher nutrient and 367 elemental cycling than static oxic (or anoxic) conditions via biotic or abiotic processes. Figure S2 ). Hence, 393 we subsequently created 2D score plots only for soils under flux 8-day treatment as a function of 394 headspace composition (oxic vs anoxic). This created a significant difference for some samples 395 depending on whether the sampling headspace was oxic or anoxic (Figure 4a) . Interestingly, the 396 most significant differences between oxic and anoxic soil compounds were observed early on in 397 the experiment, suggesting that most active sites have been oxidized during that time in the 398 experiment and with time, no significant effect was observed even upon switching redox 399 conditions. To further understand the differences between oxic and anoxic treatments for flux-8 complemented by macro scale measurements of the CO2 flux. ANOVA results showed that redox 418 treatment significantly affected cumulative CO2 emission (P = 0.013), with cumulative CO2 flux 419 highest in the static oxic treatment. Tukey's tests suggest that the only significant pair-wise 420 comparison was that cumulative CO2 flux was higher in the static oxic treatment than in the flux 421 8-day treatment (P = 0.009). Static oxic treatment also tended to increase cumulative CO2 flux 422 relative to the static anoxic treatment (P =0.09) and the 'flux 4-day" treatment (P = 0.11) according 423 to Tukey's tests. Concentrations measured during oxic time points during the fluctuating treatment 424 incubations (days 12, 20, 36, and 44 for flux 4-day; and days 20, 33 and 44 for flux 8-day) behaved 425 similarly to that of the static oxic treatment and had higher CO2 fluxes than anoxic sampling points 426 (SI Figure S3a) . However, the fluctuating treatments did not show a clear trend (SI Figure S3b ).
427
This is in agreement with previous studies which show CO2 production rates are often similar 428 regardless of whether bulk soil Eh is low or high in LEF soils. 12, 34 429 430 Ecosystem Implications
431
Humid tropical soils of Puerto Rico are frequently subjected to alternating oxic and anoxic periods.
432
This study has been built on the premise that predicted changes in global precipitation and 433 temperature will cause a shift in the frequency, duration and degree of reduced conditions in these 434 tropical soils, resulting in significantly altered mineral-organic interactions, thereby influencing 435 tropical soil C cycling. Our study clearly shows how Fe-C coupling primarily controls redox-436 driven biogeochemistry in these soils that includes electron transfer reactions (i.e. oxidation of 437 carbon and reduction of iron or other acceptors). The conceptual understanding gained by this 438 research helps to identify key biogeochemical pathways, tipping points and parameters that are 439 highly correlated with C retention or loss rates. Since the frequency of O2 depletion during a soil 440 redox oscillation also shapes microbial community structure, functional stability and process rates, 441 multiple C degradation pathways possibly co-occur in relatively short timeframes (similar to the 442 fast redox switches), leading to a more rapid degradation of complex C substrates.
443
Correspondingly, since C efflux from these soils is largely in the form of greenhouse gas, CO2, 444 any alteration in the soil C emissions in response to changing redox can serve as a significant 445 potential feedback to climate change. Therefore, to more accurately predict the ramifications of a 446 warmer, drier, more stochastic neotropical biome, a mechanistic understanding of how different 447 redox oscillation patterns affect biogeochemical mediation of C retention and loss pathways is 448 critical and this data needs to eventually be reflected in numerical models. 70 Our findings, 449 therefore, highlight the importance of why redox cycling needs to be incorporated as a non-linear 450 predictive variable into the emerging image of soil C stabilization as an ecosystem property. 71 The 451 mechanistic understanding of Fe-OM interactions obtained from this study will directly benefit 452 improvements to predictive mathematical models that forecast future tropical soil carbon balance 453 in future ecosystem scale studies. 
